The central Appalachian region of the United States is disproportionately burdened with cardiovascular diseases (CVD) and associated risk factors; however, research to inform clinical practice and policies and programs is sparse. This study aimed to examine the association between multiple modifiable risk factors for CVD and hypertension in asymptomatic patients in central Appalachia.
H ypertension is a major risk factor for cardiovascular diseases (CVD), [1] [2] [3] [4] and contributes to deaths in the United States 1, 5 and worldwide. 2, 6 Approximately one in three adults in the United States has hypertension, 1, 5, 7 and this number is expected to reach approximately two in five adults by 2030. 1 In 2011, hypertension contributed to >377,000 annual deaths in the United States and accounted for >$46 billion in economic costs (direct and indirect). 1 This amount is expected to reach >$274 billion by 2030. 1 The prevalence of hypertension in the United States varies across different geographical areas, with the highest prevalence occurring in parts of Appalachia, 8 suggesting that further research is required in this region.
Several studies have identified factors associated with hypertension, including age, sex, social determinants (race or ethnicity, income, and education), behavioral risk factors (obesity, unhealthy diet, high sodium intake, tobacco use, physical inactivity, and alcohol abuse), metabolic risk factors (diabetes mellitus and high cholesterol), and family history or the genetic composition of individuals. 1, 2, 4 Studies involving hypertension in central Appalachia, a highly deprived and underserved region in the United States, are sparse. 9, 10 Existing studies have focused on the effect of coal mining on CVD, 10, 11 subclinical clinical atherosclerosis, 12, 13 and screening for cardiometabolic risk factors, including hypertension. 14, 15 In particular, an investigation involving the study population found that hypertension increased the likelihood of having coronary artery calcium (CAC), a subclinical marker for coronary artery disease (CAD). 12, 13 The limited research on hypertension in this high-risk population suggests the need for additional study.
This study aimed to assess the prevalence of hypertension and determine the association with multiple modifiable risk factors in asymptomatic patients from central Appalachia. It is hypothesized that hypertension would be prevalent in the study population, would be significantly associated with modifiable risk factors, and would have a positive relation with an increase in the number of risk factors. This investigation is important because local, regional, and statewide research is necessary for developing effective CVD-related interventions, 16 especially for a region where CVD intervention programs have not succeeded in reducing the disparities in the prevalence of hypertension.
8,17

Methods
Study Population
Between January 2011 and December 2012, 1701 asymptomatic individuals with no history of CVD or taking medications to control CVD risk factors from the central Appalachian region of northeast Tennessee, western North Carolina, southeast Kentucky, and southwest Virginia participated in CAC screening at the largest tertiary heart institute in the region. The detailed description of recruitment procedures was published in earlier studies. 12, 13 In brief, these participants, both selfreferred and physician referred, were assessed for eligibility for CAC screening using the standard protocol. The screening was conducted with computed tomography to determine CAC score as measured by the standard Agatston scale 18 to ascertain the risks for CAD. A questionnaire with questions regarding demographics, health conditions, current health behaviors, and family history of CAD was administered to all of the participants before the CAC screening. Of the total participants, nonwhites (n = 8, 0.33%) and participants with missing data for CAC score (n = 19, 1.11%) and risk factors (n = 45, 2.65%) were excluded. The final study sample comprised 1629 patients (95.8% of total participants). There was no significant difference across all of the sample characteristics in the excluded sample and analytic sample. The institutional review boards of the corresponding author's university and the collaborating hospital system approved the study.
Variables and Measurements
Dependent Variable
The dependent variable was hypertension, which is defined as having systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg or using antihypertensive medication or diagnosed by a healthcare professional to have hypertension. 2, 19 Hypertension was ascertained using self-report of whether the participant has been informed by a physician or healthcare provider that he or she has hypertension (yes/no) or is currently using antihypertensive medication. These responses were recoded as having hypertension (yes = 1) and not having hypertension (no = 0).
Independent Variables
Based on the literature, 1,2,4,5,19 seven self-reported risk factors of hypertension were included in the study as independent variables: two nonmodifiable risk factors (sex, age) and five modifiable risk factors (obesity, diabetes mellitus, hypercholesterolemia [having a total serum cholesterol ≥200 mg/dL or taking cholesterol-lowering medications], smoking, and sedentary lifestyle). Participants were asked to self-identify their sex (male or female) and report their age and date of birth to determine the age, which was measured on an ordinal scale as ≤45, 46 to 54, 55 to 64, 65 to 74, and ≥75 years. In terms of the biological factors, participants were asked whether they had been informed by their physician that they had diabetes mellitus and hypercholesterolemia (yes/no). Body mass index (kg/m 2 ) was calculated based on self-reported height and weight and used to determine whether the participant was obese (yes, if body mass index was ≥30 kg/m 2 ). Smoking status was ascertained by asking participants to indicate whether they were current, former, or never smokers. Participants were asked to report whether they describe their lifestyle as sedentary (yes/no). All of the binary variables were coded as no = 0 and yes = 1. Although smoking status was assessed as a categorical variable and coded as 1, 2, and 3, age was measured as an ordinal variable and coded as 1, 2, 3, 4, and 5. In terms of the number of risk factors, 0 refers to no risk factor and 1, 2, 3, 4, and 5 refer to the number of modifiable risk factors. Because of the small number of participants with four and five risk factors, they were combined into one category (4-5) for the analysis.
Statistical Analysis
Descriptive statistics, including frequencies and percentages, were summarized for sample characteristics according to the prevalence of modifiable CVD risk factors and the absence (hypertension = 0) and presence (hypertension = 1) of hypertension. Bivariate analyses between hypertension and each of the risk factors and number of risk factors (1, 2, 3, 4-5) were performed. After the performance of an analytical diagnosis, including for multicollinearity, multiple logistic regression analyses were conducted, adjusting for the nonmodifiable risk factors (sex and age). Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were reported. The significance level was set at P < 0.05. The data were analyzed using SAS version 9.2 (SAS Institute, Cary, NC).
Results
Study Setting
The study was conducted in the central region of Appalachia, which consists of 420 counties across 13 states, stretching from New York to Mississippi. The region is a mountainous part of the United States, with >40% of the population living in rural areas. The region is characterized by disadvantaged and underserved populations, has a high prevalence of CVD and associated health and behavioral factors, and has poor access to and utilization of health services. 8, 20, 21 More than 90% of Appalachian counties are considered distressed, with central Appalachia exhibiting the highest level of economic distress. In 2013, approximately one in five residents in the four states that comprise central Appalachia-Kentucky (23.3%), North Carolina (19.2%), Tennessee (23.1%), and Virginia (15.9%)-reported having only fair or poor health. 20, 21 Prevalence and Distribution of Risk Factors of Hypertension Table 1 shows the prevalence of the risk factors. Of the 1629 study participants, 704 (44.3%) were men and 886 (55.7%) were women. A total of 167 (10.3%) were 45 years old or younger. The largest age group comprised patients aged 55 to 64 years (38.7%). Approximately 3.8% of the participants were 75 years and older. Of the five modifiable risk factors, hypercholesterolemia was the most common (58.1%), whereas diabetes mellitus was the least common (14.3%). The prevalence of obesity and diabetes mellitus was, on average, higher among participants with three or more risk factors, and the prevalence of hypercholesterolemia, smoking, and sedentary lifestyle was higher among participants with two or more risk factors. Tables 2 and 3 show the results of the bivariate analyses between hypertension and the five modifiable risk factors. Approximately half of the study participants (49.8%) reported either being hypertensive or were taking prescribed antihypertensive medications. Except for individuals who smoked, there Some row percentages may be >100 as a result of rounding up.
Hypertension and Multiple Risk Factors
was a significant difference in the risk factors among those with hypertension and those without hypertension ( Tables 4 and 5 show the results of the multivariate analysis. After adjusting for the nonmodifiable risk factors (sex and age), compared with nonhypertension, the odds of having hypertension were significantly greater among participants who were obese, diabetic, reported hypercholesterolemia, and who led a sedentary lifestyle, by 2.02 (CI 1.57-2.60, P < 0.001), 2.30 (CI 1.66-3.18, P < 0.001), 1.26 (CI 1.02-1.56, P < 0.05), and 1.38 (CI 1.12-1.70, P < 0.01) times than respective referent groups. Compared with nonhypertensive individuals who reported no risk factors of CVD, individuals who reported having two, three, and four to five risk factors have an increased odds of hypertension by 1.72 (CI 1.21-2.44, P < 0.01), 2.55 (CI 1.74-3.74, P < 0.001), and 5.96 (CI 3.42-10-41, P < 0.001) times, respectively.
Factors Associated with Hypertension
Discussion
Although the Appalachian region of the United States is disproportionately burdened by CVD, 8, 22 research in this regard is sparse. 23 In 2009, hypertension, called by some the "silent killer," 2 accounted for nearly $40 billion in total healthcare expenditures in Appalachia. 24 We examined the prevalence and correlates of hypertension in an asymptomatic population from central Appalachia. Of the 1629 study participants, approximately half (49.8%) had hypertension, which is higher than the statewide rate for the four states that constitute central Appalachia. In 2013, adults 18 years and older who were told they had hypertension comprised 39.1%, 35.5%, 38.8%, and 32.5% of the population in Kentucky, North Carolina, Tennessee, and Virginia, respectively. 25 The high prevalence of hypertension in this study indicates the importance of screening for hypertension for early detection and treatment, marshalling the necessary resources to address the underlying modifiable risk factors, and ensuring adherence to antihypertensive medications. This is particularly important because only a little more than half (52%) of the people with hypertension in the United States have their hypertension controlled. 5, 26 The high prevalence of Adjusted for sex and age. *P < 0.05, **P < 0.01, ***P < 0.001.
hypertension in this high-risk population suggests the need for more research regarding hypertension in subpopulations and to develop targeted policies and programs to control it. The determinants of hypertension include modifiable and nonmodifiable risk factors. 1, 4, 19 This study examined five modifiable risk factors for hypertension (obesity, diabetes mellitus, hypercholesterolemia, smoking, and sedentary lifestyle) with adjustment for two nonmodifiable risk factors (sex, age). Apart from smoking, all of these risk factors were significantly associated with increased odds for hypertension. Nationwide, approximately one in three adults and one in five youth are obese. 27 In 2013, the prevalence of obesity was 33.2%, 29.4%, 33.7%, and 27.2% in Kentucky, North Carolina, Tennessee, and Virginia, respectively, compared with 29.4% nationally. 25 The rate of obesity in this study was 24.6%, which is lower than state and national estimates. It is likely that the rate in this study may be underestimated because self-reported obesity tends to underestimate the true prevalence. 28, 29 Nonetheless, obesity causes diseases such as hypertension, 30 has sociopsychological implications, 31, 32 increases healthcare spending, 33, 34 and accounts for >$147 billion in annual medical costs. 35 In 2009, obesityrelated hypertension in Appalachia accounted for >$9 billion in total healthcare costs. 24 Consistent with prior studies, 30, 36, 37 it was found that obese people were twice as likely as nonobese people to have hypertension. Research suggests that controlling or managing one's weight through healthy lifestyle, including healthy diet 38 and physical activity, reduces the risk of having hypertension. 2, 30 As such, there is a need to target local, state, and national resources in regions, including central Appalachia, with a high prevalence of obesity.
Diabetes mellitus (types 1 and 2) is a major public health issue that affected 29 million people in 2013 39 and accounted for $245 billion in economic costs ($176 billion in direct medical costs and $69 billion in indirect costs) in 2012. 39, 40 Between 1980 and 2012, the number of adults with diagnosed diabetes mellitus quadrupled, from 5.5 million to 21.3 million, and is expected to affect one in three individuals by 2050. 39 The rates of diabetes mellitus among adults 18 years and older were 9.8%, 9.7%, 10.9%, and 9.8% in Kentucky, North Carolina, Tennessee, and Virginia in 2012, respectively, 39 which are lower than the rate in this study (14.3%) . Consistent with studies that hypertension and diabetes mellitus co-occur 2,4 and central Appalachia is an integral part of the "Diabetes Belt," 41 we found that of the study participants with diabetes mellitus, 73.4% were hypertensive. This result is similar to a study in 2009-2012 that found that in adults aged 18 years and older with diagnosed diabetes mellitus, 71% had blood pressure ≥140/90 mm Hg or used antihypertensive medications. 42 In this study, diabetes mellitus was significantly associated with an increased odds of having hypertension by more than twofold. The management of diabetes mellitus is complex and requires lifestyle/behavioral modifications and adherence to a medication regimen, 39 suggesting the need for research into how to motivate the high-risk population in central Appalachia to achieve that goal.
Hypercholesterolemia is associated with CVD, 1, 19 including hypertension. 19 In 2013, 38.4% of people nationwide who checked their cholesterol were told that it was high, compared with 43.2% in Kentucky, 41.0% in North Carolina, 38.7% in Tennessee, and 38.7% in Virginia. 25 Of the total study participants, 58.1% had hypercholesterolemia. Of the individuals with hypercholesterolemia, 62.3% were hypertensive. Hypercholesterolemia increased the odds for hypertension by more than onefold. These results suggest the need to control and treat hypercholesterolemia; however, the use of cholesterol-lowering medications nationwide is low. In 2011-2012, 1 in 4 adults (27.9%) reported using a prescription cholesterol-lowering medication in the past 30 days. 43 This low rate of medication use suggests the need for research regarding ways to motivate people with high total serum cholesterol to initiate and adhere to medication regimens, while encouraging additional screening to identify people with high total serum cholesterol for primary prevention. 19 Physical activity improves individual health and reduces the public health burden related to diseases caused by a sedentary lifestyle. 44 As such, it has been recommended that during most days of the week adults should engage in 30 minutes of moderately intense activities such as brisk walking or 15 to 20 minutes of strenuous activities such as jogging; however, >60% of US adults do not engage in that amount of activity and 25% are inactive. 44 In 2009, 49.0% of US adults did not engage in ≥30 minutes of moderate physical activity for ≥5 days/week or vigorous physical activity for ≥20 minutes for ≥3 days/week, compared with 54.3% in Kentucky, 53.6% in North Carolina, 64.0% in Tennessee, and 48.6% in Virginia. 25 Approximately 42.9% of the study participants reported having a sedentary lifestyle. Of these participants, 48.7% had hypertension, and having a sedentary lifestyle significantly increased the odds of having hypertension by more than onefold. As such, although people should be encouraged to engage in physical activity, there is a Adjusted for sex and age. *P < 0.05, **P < 0.01, ***P < 0.001.
need for policies and programs to make the environment appropriate for physical activity.
Smoking is the leading preventable cause of morbidity and mortality in the United States and contributes to >480,000 deaths and approximately $300 billion in economic costs; however, 1 in 5 adults continues to smoke. 45 In 2013, the rate of smoking nationwide was 19.0%, compared with 26.5%, 20.3%, 24.3%, and 19.0% in Kentucky, North Carolina, Tennessee, and Virginia, respectively. 25 The smoking rate in this study was 38.0%, which is above both national and state rates. Of these smokers, 39.6% had hypertension; however, smoking was not significantly associated with hypertension. This may be the result of misclassification bias stemming from the assessment of smoking status as "never, current, and former" smokers, instead of the standard measure of "30-day" and "lifetime" usage. Alternatively, these results may be caused by the low rate of obesity in our study population, compared with the states that constitute central Appalachia. Regardless, the close relation between smoking and CVD 1, 45 suggests the need for smoking-cessation policies/ programs because they may help to reduce hypertension.
Overall, the number of modifiable risk factors was associated with an increased odds of having hypertension. Specifically, having two or more risk factors was associated with increased odds for hypertension. These odds grew with an increased number of risk factors, which suggests a positive relation similar to a previous study that found the number of risk factors increased the odds for subclinical atherosclerosis. 13 As such, our study supports an integrated CVD preventive program (as recommended by the World Health Organization) that simultaneously addresses hypertension and other medical conditions 2 while adopting population-based policies to improve lifestyle/behavioral risk factors 3 and address structural dimensions of the disease. The underlying modifiable risk factors for hypertension suggest that a comprehensive approach is needed to improve the control of hypertension in the United States. 26 As such, this study involving an underserved population is essential and critical in meeting the national public health goals of reducing health disparities under Healthy People 2020.
Our study has limitations that could have affected the results. First, the data for this study limit the ability to establish causation. Second, study variables were ascertained primarily through self-reports, which are subject to recall and social desirability biases. Third, the study population is homogenous and limits generalizability of the results to the entire US population, although it is representative of the central Appalachian region. Finally, the study examined only five modifiable risk factors and could not address common modifiable risk factors such as salt intake and alcohol use because of the lack of data. [2] [3] [4] 19 Nonetheless, our study provides major insight into the association between hypertension and the number of modifiable risk factors in a central Appalachian population that could inform preventive policies and programs for addressing CVD in highrisk populations in the United States.
Conclusions
This study revealed that approximately half of the participants had hypertension and that hypertension was associated with modifiable risk factors (obesity, diabetes mellitus, hypercholesterolemia, and sedentary lifestyle) and having two or more risk factors. In this central Appalachian region with a high prevalence of CVD, it is important to increase awareness of hypertension to address the underlying modifiable risk factors. As such, implementing an integrated CVD program for treating and controlling modifiable risk factors of hypertension would likely decrease the future risk of CVD and help to achieve the 2020 Impact Goal of the American Heart Association and targets of Healthy People 2020.
